Syncytia formation induced by the bovine leukaemia virus (BLV) has been classified as 'early' or 'late' polykaryocytosis. Early polykaryocytosis arises in the first 24 h in mixed cultures of BLV-infected cells with indicator cells. Late polykaryocytosis is observed 4 to 8 days after infection of sensitive cells with cell-free infectious BLV. Our results demonstrate that the two phenomena proceed from different mechanisms. Late polykaryocytosis results from an active process dependent on the integrity of the virus genome. In contrast, early polykaryocytosis is a passive process which does not require any de novo virus synthesis but is dependent on the presence of virus proteins in inducer cells.
Syncytial formation was first reported by Cornefert-Jensen et al. (1969) in co-cultures of certain cell lines and leukaemic bovine lymphoid cells. Such leukaemic cells were later shown to release, upon short-term cultivation, a C-type virus involved in cattle leukaemogenesis [bovine leukaemia virus (BLV)] (Miller et al., 1969; Kawakami et al., 1970; Kettmann et al., 1978) . The relationship between syncytial effect and BLV expression was examined by several investigators; late effects of BLV infection (4 to 8 days) were used to titrate the infectivity of BLV as well as to determine, in neutralization tests, the presence of BLV antibodies in the sera of infected cattle (Ferrer & Diglio, 1976; Van Der Maaten & Miller, 1977; Benton et aL, 1978) . In contrast, early (24 h) and extensive polykaryocytosis induced by BLV in cat cells co-cultured with BLV-infected cells was used to quantify infected cells (Guillemain et aL, 1977a) and BLV-induced antibodies (Guillemain et al., 1977b Ogura et aL, 1977; Greig et al., 1978) . A recent investigation (Onuma et aL, 1980) showed that BLV itself could induce either early (24 h) or late polykaryocytosis (as defined by Poste, 1970) , dePending on the dose. In view of the use of the cell-fusion phenomenon and of its inhibition in seroepidemiological studies we undertook experiments aimed at a better understanding of the mechanisms involved in early and late polykaryocytosis.
The BLV used was prepared from filtered (0.22/~m) culture fluid (RPMI 1629 containing 10% heat-inactivated foetal calf serum, 100 U/ml penicillin and 100/~g/ml streptomycin) of BLV-infected foetal lamb kidney cells (FLK-BLV) kindly supplied by Dr M. J. Van Der Maaten and Dr J. M. Miller (1974; .
The standard quantitative assay (Van Der Maaten & Miller, 1977) for cell-free BLV was performed on bovine embryo spleen (BESP) cells, by evaluating the number of syncytia induced at log z or log 5 dilutions of the virus preparation. The assay was performed in the presence of 20% foetal calf serum, the culture medium replaced after 3 days and a final reading performed 4 days later. The results were expressed as SIU/ml (syncytia-inducing units/ml) as a function of the dilution factor fd"
The nature of the titration curve was investigated using the equation:
in which a one-hit phenomenon is characterized by a horizontal curve, whereas a slope of 45 o or more is indicative of a two-hit or multiple-hit pattern. experiment, shown in Fig. 1 , indicated that BLV syncytia induction was a one-hit phenomenon. Such a pattern allowed the conclusion that one virus particle was sufficient to induce one syncytium and that infectious BLV could be directly titrated by its syncytia induction activity. In order to know if the structural proteins and/or the entire genome, or a portion of the genome were required for induction of late polykaryocytosis, the resistance of BLV to u.v. irradiation was investigated. The u.v. irradiation was performed (Latarjet et al., 1967; Yoshikura, 1973 ) by use of a germicidal low-pressure mercury lamp; the energy rate was 50 ergs/mmZ/s. Irradiation was carried out on 1 ml samples in 60 mm plastic Petri dishes with continuous gentle agitation. The BLV preparations contained less than 1.4 x 105 SIU/ml. At this concentration, only a few virions would infect the same cell and cooperate to induce one syncytium. The u.v. doses delivered to these preparations ranged from 1 × 103 to 8 × 103 ergs/mm 2. Titrations were carried out on BESP cells. The regression (log percentage survival versus u.v. dose) was calculated ( Fig. 2 a) to determine the u.v. dose required for reducing the titre by 10-fold (D 10). The D 10 value was 2200 ergs/mm 2 for this virus. A parallel experiment was performed with Moloney murine leukaemia virus (M-MuLV) using its helper activity for MSV in FG10 S+L -cells (Bassin et al., 1971) . After focus induction, the surviving focus-forming unit (f.f.u.) fraction per ml was determined for each u.v. dose. The same type of analysis as used for BLV gave a D~o value of 3700 ergs/mm 2. These data indicated that the late syncytia-inducing activity of BLV was slightly more radiosensitive than the helper function of M-MuLV. These two retroviruses are known to contain about the same amount of RNA, the integrity of which is required for both the helper and replicative functions of M-MuLV (Yoshikura, 1971; Nomura et al., 1972) . Thus, it may be concluded that the integrity of the BLV genome is also required for late syncytia induction. Furthermore, both the f.f.u, activity of M-MuLV and the syncytia-inducing capacity of BLV were inactivated according to an exponential function of the dose and one-hit kinetics. This provided further evidence that BLV-induced syncytia results from infection by single particles.
In these conditions BLV induction of late polykaryocytosis may be considered an active process requiring the expression of the virus. Our results are in agreement with those of previous reports (Ferrer & Cabradilla, 1978; Benton et al., 1978; Onuma et al., 1980) indicating that the late phenomenon could be abolished by u.v. irradiation. However, in the absence of an inactivation curve the amount of the virus genetic material required could not be estimated. In addition, the BLV Dlo value indicates that the genome of this virus is slightly more radiosensitive than that of M-MuLV, a result which agrees with the reported 38S (30S to 35S for M-MuLV) value for the BLV RNA genome subunits (Ghysdael et al., 1979) .
Early polykaryocytosis as described Guillemain et al., 1977 a) 
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completed within 24 h. The specificity of the reaction to BLV produced by FLK-BLV cells was previously demonstrated by its specific inhibition by BLV antibodies (Guillemain et aI., 1978; Astier et aL, 1978) . Considering the short time required for early polykaryocytosis induction, the phenomenon could have resulted from either an active process due to mass infection of indicator CC81 cells by BLV produced in high amounts by FLK-BLV cells for which integrity of BLV would then be required, or from a passive phenomenon requiring only BLV or BLV-induced antigens at the surface of the inducer cells for which the integrity of the virus RNA would not be required. To clarify this, the resistance of inducer cells to u.v. irradiation was examined in the early polykaryocytosis test previously described . This test was conducted in microtest plates for tissue culture; 5 × 103 FLK-BLV inducer cells were co-cultivated with 2 × 10 4 CC81 indicator cells for 24 h in 0.3 ml culture medium. After fixation with methanol and staining with Giemsa, the number of syncytia was determined. The titres were expressed as SIU/ml. FLK-BLV cells were u.v.-irradiated at doses ranging from 0.5 × 103 to 16 × 103 ergs/mm z and their early polykaryocytosis activity determined after 24 h co-cultivation with CC81 cells. The results, presented in Fig. 2(b) , clearly indicated that the syncytia-inducing activity of FLK-BLV cells was considerably more resistant to u.v. irradiation than was BLV. Early polykaryocytosis, though reduced, persisted at u.v. doses which were lethal for cells and would have prevented late polykaryocytosis. These results indicate that at least part of the early polykaryocytosis phenomenon does not require live inducer cells and that infectivity of the virus (virus RNA integrity) is not required. To know whether indicator cells participated in the phenomenon of early polykaryocytosis by an active process, the inhibitory action of u.v. with respect to this was investigated. Prior to co-cultivation with FLK-BLV cells, CC81 cells were u.v.-irradiated at doses ranging from 0.5 × 103 to 10 × 103 ergs/mm 2. The results (Fig. 2b) showed that the capacity of CC81 cells to form syncytia was even more resistant to u.v. irradiation (D10 = 18 000 ergs/mm 2) than the ability of FLK-BLV to induce syncytia (D 10 --9000 ergs/mm2).
These results supported the view that early polykaryocytosis was an entirely passive process mediated by BLV or BLV-induced antigens. This evidence was strengthened by the following experiment. FLK-BLV and CC81 cells were separately u.v.-irradiated at a dose of 10 × 103 ergs/mm ~. They were then co-seeded and the amount of syncytia formation was recorded after 24 h. The number of syncytia obtained was 2 % of that obtained with the non-irradiated controls; this percentage was in agreement with that derived from theoretical calculations based on Fig. 2 (b) and which considered the early polykaryocytosis activity of each cell type when separately irradiated.
If the early polykaryocytosis observed in mixed cultures of u.v.-irradiated FLK-BLV cells was due to BLV and not to an artefact related to u.v. irradiation, then the phenomenon should be abrogated by preincubation of u.v.-irradiated FLK-BLV cells with a serum containing early polykaryocytosis inhibiting (EPI)antibodies. EPI tests were performed in which FLK-BLV cells were u.v.-irradiated (6 x 103 to 12 × 103 ergs/mm2), incubated for 1 h with serial dilutions of serum (se)l 117, and then co-cultivated with CC81 cells. In this test the titre of a serum is expressed as the reciprocal of the dilution which gives a 50% reduction of the number of syncytia as compared to non serum-treated cultures (SIDsoN). It was found that the SIDsoN of sel 117 was 532 with non-irradiated FLK-BLV cells and this value remained between 405 and 951 when FLK-BLV cells were u.v.-irradiated. This result indicated that syncytia formation induced by lethally u.v.-irradiated FLK-BLV cells was still specific for BLV.
In view of the time required for its expression, endomitosis could not explain early polykaryocytosis and cell fusion appeared to be the only acceptable explanation, from which we inferred that early polykaryocytosis is a passive phenomenon depending on BLV itself or on BLV-induced antigens. The high resistance of both inducer and indicator cells to u.v. irradiation supported the previous assumption. Indeed, the early polykaryocytosis reaction was still observed at u.v. doses for which more than 99.9 % of the BLV late syncytia-inducing activity had been destroyed, indicating that BLV genomic functions were not required. Furthermore, the irradiation itself was not responsible for the formation of early polykaryons which remain BLV-mediated as indicated by their specific inhibition by BLV antibodies.
Our results with early polykaryocytosis are different to those of Ferrer & Cabradilla (1978) who did not use chronically infected inducer cells and thus could not distinguish between early and late polykaryocytosis. However, our data are in agreement with those of Onuma et al. (1980) . Indeed, these authors were able to distinguish BLV-induced early and late polykaryocytosis in a system which did not involve mixed cultures. They found that the kinetics of syncytia appearance with CC81 cells infected with BLV, was dependent on the virus concentration. Low m.o.i, were found to induce late polykaryocytosis, whereas high m.o.i, induced syncytia in a few hours. In this system, as in ours, it was shown that early polykaryocytosis was resistant to u.v. irradiation of BLV and independent of protein synthesis. Thus, it can be concluded that in both systems, i.e. mixed cultures and with high m.o.i., BLV is specifically responsible for early polykaryocytosis through a passive process which does not require infectious BLV but only BLV or BLV-induced specific antigens.
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